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Abstract : A detailed m incralogical study was carried out on iron-rich hot material oo/;ed out from Mahanadi riverbank, Cuttack in Orissa. Both  
(jualitative and quantitative estim ation  o f  the m ulti-elem ents o f  this com plex material was carried out by Energy D ispersive X-ray F luorescence  
(HI)XRF) technique. Am ong the analysed elem ents, iron is found to be in highest concentration l e  18 whereas K, Ca. Ti and Mn are present as 
mmoi constituent, and V, Cr, Co, Cu, Zn, Se, Rb, Sr and Pb are present in trace quantities. Ditfercnl crystallographic phases like maghemite (>'-Fe20^), 
himatitc (FcjO^). chromite (FeCr^O^), cuprospinel (C'uFe204>, cuprite (CU2O), zhanghengite (C'uZn), ramsdellite (M iiOt), m ullile (Al^.Si^ O ,), anatase 
(TiO,). maiokite (C'aMn204). zincochrom ite (ZnCrjO^) and baddelete (ZrOj) have been observed prominently. Som e low intense lines o f  pota.ssium  
ihloritc (KCIOj) and karelianite (V^O ,) are also identified by the X-ray powder diffraction (X R D ) technique.
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The chemical composition o f lava erupted from a volcano, gives 
valuable information on the nature o f  m elted rock source, the 
process o f m eltin g  and th e  p ro c e sse s  tha t m o d ified  the 
composition o f the original m agm a [1]. Again, geological and 
peinMogical study o f hot m aterials like lava may reveal the 
character and history o f  the resulted events. The m ost ct)mmon 
elements found in m agm atic ore found in the volcano sites are 
iron, chromium, nickel, platinum , iridium , palladium , osmium, 
ruthenium and rhodium. Platinum  is a valuable metal among the 
observed trace e lem en ts . A gain , co m p lex es like ch rom e 
(heCr^O^), a spinel is a very im portant industrial m aterial found 
'n magmatic deposition. Iron rich [2-6] hot m aterials are mainly 
‘^vailablc in form o f m agm atic sulphides [2 ,5 ] o r oxides.
Eruption of hot m aterial occurred for the first tim e in Orissa 
I on 12th November 2002 from M ahanadi riverbank [7], Cuttack in
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India that attracted the attention o f many academ icians and 
scientists. In order to unfold some inform ation regarding the 
above hot materials, an attem pt has been made to characterise 
these hot materials using two well known X-ray techniques like 
energy dispersive X-ray fluorescence (ED X RF) and X -ray 
diffraction (XRD). The present note is based on the results 
obtained from EDXRF and XRD to get information on elem ents 
from the igneous rock as well as its com plex form. ED X R F 
tech n iq u e  is s im p le , n o n -d e s tru c tiv e , s im u ltan eo u s  and  
m ultielem ental in nature and it can be used for the present 
purpose quite relevantly. Again, X-ray diffraction technique is 
frequently used for petrographic characterisation like Fourier 
T ra n sfo rm  In fra re d  S p e c tro m e try , S c a n n in g  E le c tro n  
M icroscopy etc.
EDXRF technique is most widely used to assess the elemental 
com position o f a sample. The technique is m ulti-elem ental and 
non-destructive  in n a tu re  and the re fo re  re la tiv e ly  fast as
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compared to the other analytical technique. A significant number 
o f  elements present in a variety o f  samples: solids, powders and 
even liquids, can be detected and quantified by this technique. 
An advantage o f  EDXRF technique is that it allows analyzing 
solid samples with little or no sample preparations, in EDXRF 
technique, heating o f  tlie samples does not occur and temperature 
seldom exceeds 50^^C and generally much lower. Hence, heat 
sensitive and volatile elements can be better studied by this 
technique with respected to other conventional quantitative 
methods.
The hot material was sun-dried before thoroughly crushing 
into fine powder. With 500 mg o f  the fine powdered sample, a 
binder such as pure cellulose was added in 1:1 ratio. Then they 
were thoroughly mixed and hom ogenized and pressed into 
pellets o f 1-inch diam eter in a KBr press. Pellets were also 
prepared from the Certified Reference M aterials (CRM ) such as 
for irradiation in the EDXRF-syslem as standards to check the 
validity o f  this method.
Again, sample was taken from central part o f  the bulk hot 
material and ground into fine powder about 500-mesh size. Then 
this powdered hot material was uniformly packed in an aluminium 
cavity o f  20  15 x 2 mm-  ^groove by the help o f  a glass slide to
make a flat sample for X-ray pow der diffraction study.
E nergy  d isp e rs iv e  X -ray  f lu o re sc e n c e  a n a ly s is  w as 
perform ed using M oK X -rays generated  from a secondary 
molybdenum target o f  an EDXRF system. The EDXRF system 
incorporates a low power aircooled X-ray tube (50-w att) as an 
excitation source with tri-axial geometry [8]. The X-ray tube was 
operated at 25 kV and 0.6 mA. The X-rays from the tube were 
ex p o sed  on a m o ly b d en u m  se c o n d a ry  e x c ite r  and the  
characteristic K-X-rays o f  molybdenum (17.8 keV, the weighted 
average energy o f  the MoK^^ and lines) were used to excite
the characteristic X-rays o f  elem ents present in all the samples. 
The fluorescent X-rays were collected using a Si (Li) detector 
having a thin Be window (8-m icron thickness) and processed 
by a high-resolution amplifier. The spectra were recorded by 
using a PC-based m ulti-channel analyzer [9]. The photo-peak 
areas in each spectrum  w ere evaluated  using the com puter 
program AXIL [10] supplied by International Atom ic Energy 
Agency (IAEA). The intensities o f  the characteristic X-rays o f  
elements in the sample are proportional to  the original elemental 
concentrations in the sam ple, which w ere evaluated by least 
squares fitting m ethod using the AXIL program .
M oreover, h igh-reso lu tion  X -ray  d iffrac tion  data w ere 
collected by using a Philips analytical X-ray instrument, X ’Pert- 
M PD, available at N ational Institute o f  Technology (N IT), 
Rourkela employing Bragg—Brentano parafocusing optics. Data 
have been collected in scanning m ode with a scanning
rate o f  2^/min. Incident line focus C uK ^ - radiation from a high 
power ceramic tube operated at 40kV  and 30m A w ere initially
collimated through Soller slit (0.04 rad), fixed divergence slii 
and mask ( 10 mm) before irradiating the sample. The diffracted 
beam from the sample was well-collimated by passing it through 
a programmable anti- scattering slit (2 ®), programmable receivin<. 
slit (0.3 mm) and Soller slit (0.04 rad) before getting it reflected 
by the curved graphite crystal (0 0 2) m onochrom ator of radius 
225-mm, A Xe-gas filled proportional counter was mounted on 
the arm o f  the goniom eter circle o f  radius 20 0 -mm to colicc* 
diffracted X-ray signal.
The EDXRF spectrum  o f  the hot material is presented m 
f'igure 1 and the concentrations o f  observed elements nrc 
provided in Table 1. It can be inferred from Table- 1 data that the 
hot material contains elem ents like K, Ca, Ti and Mn with lower 
percentage. Fe am ount is very high Le. 18.8%, which is tiu 
major constituent in the hot material. V, Cr, Co, Cu, Zn, Se, Kb, Sr 
and Pb were found to be the trace elem ents in the hot materiat
3  6  9  1 2  1 5  18
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F igu re 1. liDXRI<' spectrum  o f  hot material
Table 1- Concentration (mass basis) o f  various elem ents in the tu>t mau-i 
(in *ppm unless otherwise .specified)
E lem ents C oncentration
K 0.49  %
Ca 0 .30  %
T i 0.75 %
V 5 0 3 .4
Cr 3 8 3 .8
Mn 0.13 %
Fe 18.80 %
Co lO L I
Cu 1 2 7 .2
Zn 2 5 .5
Sc 5 .7
Rb 18.3
Sr 17.2
Pb 5 3
*ppm: parts per m illion
(characterisa tion  o j  hot m ateria l e ru p ted  fr o m  M ahanad i r iverb a n k  etc 2 9 5
From the pow der diffraction  study (F igure 2), different 
crvstallographic phases o f  the m aterial were identified using
Figure 2. Spectrum o f  a fine powdered X-ray diffraction sam ple
PCPDFW IN, V 1 .3 (JCPDS 1997). Jt is bit difficult to identify all 
the crystallographic  phases in the m aterial because o f  its 
complexity. Peak search was carried out using Philips X ’Pert 
Graphics software. Full widths at half maximum (FW H M ) o f  the 
diffraction peaks were estimated using ‘‘Profit” for profile fitting, 
su p p lie d  by P h ilip s  A n a ly tic a l X -ray , N e th e r la n d s . 
Crystallographic param eters like glancing angle, ^/-spacing o f  
the planes, relative intensity. M iller indices and FW HM  o f  
identified  phases are listed in the sam e table. C ry sta llite  
dim ension o f  identified phases are calcu lated  using
corrected Scherrer formula [1 1,12] as
KZ
i B -  h)  c o s O
I where B is the line width, h is the instrumental broadening, K is 
I the shape factor ('^0.9), o  is the Bragg angle and x  
? wavelength o f  C u K al ( 1.54056 A).
Ah k l  -  '
T able 2. Crystallographic phase identified from X-ray poWder dilTraclion
SI.
No
P hase 2 e
degree
£/-valuc
(A)
h k l R elative
In tensity
(%)
FW HM C rystallite
dim ension
Y-Fe,Oj
(M agh em ite)
3
4
5
6
7
8
9
10
F e , 0 , 
(H em atite )
F c C r ,0 ,
(C h rom ite)
ZnCtjO^
(Z in c o c h r o m ile )
C u ,0
(C uprite)
CuZn
(Z h an gh en g ite)
MnOj
(R am sdellne) 
Al„Si^  O, 
(M ullite)
TiOj
(A natase)
CaMn^O^
(M aro k itc )
ZrOj
(B addelctc)
1 « 3 9 6 7  
3 0 .3 0 4 1  
3 5 6 9 5 2  
43  3 6 3 3  
53 8 6 2 5  
5 7 .3 6 4 9  
2 6  1285  
33 141 9  
4 9  3 2 4 5  
9 0  4 2 0 4  
3 7 .0 6 0 7  
7 3 .8 6 3 3  
7 4 .6 2 3 8  
9 0  4 2 0 4  
4 2 .4 2 0 3
63  0 3 6 5  
95  3 3 3 4  
21 7 7 8 8  
3 5 .0 5 0 0  
16 3 4 1 0  
2 5 .8 5 0 0  
4 8 .1 4 8 3
3 9 .1 0 0 7  
4 0  6 7 1 0  
6 0 .4 2 7 2  
6 4 .1 6 8 6  
2 6 .6 3 3 8
4.81  870  
2 9 4 6 9 6  
2 5 1 3 2 6
2 0 8 4 9 4  
I 7 0 0 6 9
1 6 0 4 9 0
3 4 0 7 6 6
2 7 0 0 8 2  
1 84601  
1 0 8 5 3 7  
2 .4 2 3 7 3  
1 2 8 1 9 6  
1 2 7 0 7 7  
1 0 8 5 3 7  
2 .1 2 9 0 8
1 4 7 3 4 6  
1 0 4 1 9 9  
4 .0 7 7 4 1  
2 .5 5 8 0 3  
5 4 1 9 9 6  
3 .4 4 3 7 4
1 8 8 8 3 2
2 3 0 1 8 3  
2 2 1 6 5 3  
1 5 3 0 6 9  
1 .4 5 0 1 7  
3 .3 4 4 1 4
1 1 I
220 
31 1
4 0 0  
4 2 2  
5 1 1
2 1 1
104  
0 2 4  
2 2 6  
222  
533  
533  
73 1 
200
200  
220  
101 
301  
1 10 
210  
200
031
222
012
3 6 0
6 79  
32 56  
1 0 0  0 0
14 33  
1 1 60  
22  86  
22 05
15 22 
3 .6 6
3 93
2 36
4 25
5 25
3 93  
7 12
19 31 
1 99  
4 6  39  
17 ,6 8  
12 26  
1 5 .2 0  
1 48
4 .2 4
13 .7 8
9 .4 8
6 .1 4
9 .9 9
0 .1 5 5  
0 220 
0 2 9 2  
0 2 6 6  
0 4 9 6  
0 4 5 0  
0 150  
0 2 8 4  
0 4 0 6  
0 25 3 
0 .1 5 5  
0 3 0 6  
0 2 9 5  
0 2 53  
0.221
0 4 4 7
0 3 0 7  
0 2 9 2  
0 142  
0 .1 5 0  
0 .0 9 2
0.200  
0 .2 4 8  
0 2 5 2  
0 3 8 0  
0 124
5 19 
3 7 4  
2 8 6  
321  
180  
201 
544  
2 9 2  
2 1 5  
4 4 6  
54 1 
3 25  
3 3 9  
4 4 6  
3 8 6
2 0 9
2 6 4
2 8 5
5 65
5 4 4
9 4 6
4 2 2
3 4 2
3 6 5
2 4 6
6 5 8
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From  X-ray pow der diffraction study o f above hot material, 
nearly fourteen different crystallographic phases are identified 
using  PC PD FW IN , V I ,3. O ut o f  fourteen  phases, eleven  
im portant phases with the crystallite dim ension are shown in 
Table 2. Among, these phases, iron is in the form o f oxides like 
m aghem ite(r -FC2O3XJCPDS 39-1346), hematite (Fe^O^) (JCPDS 
24-0072), chromite (FeCr^O^lC JCPDS 34-0140), and cuprospinel 
(C u F e p p O C P D S  25-0283) 113). M aghem ite (311) is found as 
the most intense (100% ) peak in the diffractogram . Crystallite 
dimension of maghemite and hematite are varying from 201-5 J 9 
A and 215-544 A, respectively. Diffraction peaks o f cuprospinel 
(CuFe^O^) o f  (5 1 1) and (440) planes are found to superim pose 
with y-Fe^O ^ (511) and C uZn (200) planes, respectively. 
Chromium phases like chromite (FeCr20^)(JCPDS 34-0140) and 
zincochrom ite (ZnCr^O^lCJCPDS 22-1107) are also found out 
from the above analysis. A num ber o f  d ifferent phases like 
cuprite (Cu20)(JCPDS 01-1142), zhanghengile (CuZn)(JCPDF 
02-1231), ramsdellite (M n02)(JCPDS 39-0375), mullite (Al^Si^ 
03)(JCPDS 15-0776), anatase (Ti02)(JCPDS 02-0387), marokite 
(CaM n20^)(JCPDS 16-0709) and baddelete (Zr02)( JCPDS 02- 
0464) are a lso  observed  p rom inen tly . S om e low  in tense  
potassium chlorite (KCI02)(JC PD F 02-1320) and karelianite 
(V.,03)(JC PD S 34-0187) phases are a lso  observed  in the 
diffraction pattern. From  the abt)vc estim ation o f  crystallite 
dimensions, we observed T i02 has largest crystallite dim ension 
o f 946 A as com pared to others. The density o f the hot material 
was found to be 3.0134 gm/cm^ as determ ined using specific 
gravity bottle.
Generally, earth’s inner core m aterials are solid m ixtures of 
iron and nickel with a higher density as com pared to outer core 
materials. From  the above study, iron was found to be the m ajor 
constituent in the hot material. It was found that the studied hot 
material contains various m inor/trace elem ents like K, Ca, Ti, V, 
Cr, Mn, Co, Cu, Zn, Se, Rb, Sr and Pb. The complex forms o f iron 
exist in the form of Y "Fe203 Fc203, FeCr204, CuFe20  ^and some 
other com plex form s o f  the specim en like CU2O, CuZn, M n02»
A l^ S i^  O 3, T i 0 2 , C a M n 2 0 4 , Z n C r 204  a n d  Z rO ., have be 
observed prominently. Some low intense lines of KCiO a 
V 2O 3 are also identified by X-ray powder diffraction techniqi 
Non-observance of Ni or its phase confirms us that the \ 
materials are basically erupted from outer core region of ( 
earth. The result was also ascertained by density measureme
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